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This study, attempts to discriminate stocks by using otolith morphometric and shape. From 1996 to 1999, 235 Gag were 
sampled from commercial and artisanal fishery catches taken on the Campeche Bank, at southern Gulf of Mexico. Both otoliths 
(sagittae) were removed through the gill arch, alcohol cleaned, stored dry in small paper bags, and weighed (weighted average; 0.1 
mg). Each left otolith was consistently oriented at a 45° position (sulcus side down, rostrum upwards to the right) and digitally 
photographed using a stereomicroscope at 3.2 X an 4 X equipped with a video camera. Otolith morphometric measurements were 
obtained using Image-Proâ Plus V6 software and included: area, rectangularity, area (polygon), maximum and minimum diameter, 
perimeter, ellipse, and roundness. Otolith shape was determined through Age & Shape software using 11 wavelets scales (WLT) 
each one with 512 radii measurements per otolith. Gag standard length ranged from 22.7 to 100.0 cm and total weight 245.3 to 
20,450.0 g. Ages ranged from 4 to 13 years. Prior to statistical analysis, all eleven WLT scales were standardized by dividing each 
amplitude by the mean radial otolith length. A PCA showed that WLT2, WLT4, WLT5, WLT6 and WLT7 and rectangularity, 
roundness, perimeter and ellipse accounted for 99% of the variability in the data and were used in further analyses. MDS analyses 
and ANOSIM tests were carried out to test if there were significant differences of PCA-WLT and PCA-morphometrics between 
Northern, Eastern, and Western fishing grounds in the Campeche Bank. Analyses found no discernible groups using Euclidean 
distance or Gower similarity coefficient, and no statistically significant differences between fishing grounds. 
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INTRODUCTION 
Gag, Mycteroperca microlepis (Goode and Bean) is a very important grouper in the Gulf of Mexico. Besides their 
ecological value, gag supports one of the major commercial and recreational fisheries in Northern and Southern Gulf of 
Mexico. Particularly for the Campeche Bank, gag is exploited through a tropical sequential fishery being the second, third 
and fourth most abundant species in volume (%V) and number of individuals (%N) captured by the artisanal (%N = 5.2; %
V = 12.6), small- scale (%N = 3.2; %V = 5.2), and industrial (%N = 1.04; %V = 2.99) fishing fleets respectively (Brulé et 
al. 2009). Even though its importance, gag faces many threats in the Campeche Bank such as the exploitation of the juvenile 
fraction through the artisanal fleet (Renán et al. 2006), modification or destruction of their nursery areas and increasing 
fishing effort over the adults, becoming especially susceptible to overfishing (Burgos and Defeo 2004).  
Little is known about the status of gag stocks in the Campeche Bank. Federal fishing statistics such as CPUE and 
landings combine 21 different exploited grouper species, which are reported as “the grouper fishery”. Only few scientific 
studies accounted data per species (Monroy et al. 2010, Brulé et al. 2009, Tuz- Sulub 1999) until recent efforts from the 
National Fishery Institute to analyze data independently (Burgos and Pérez- Pérez 2006). The importance of these species 
focused studies relies in that the productivity of the entire fishery could be reduced when a number of stocks with different 
reproductive capacity are simultaneously exploited taking the risk to eliminate the less productive stocks (Watkinson and 
Gillis 2005). 
Otolith shape analysis is a proven accurate method to discriminate fish stocks. We considered stock as a semi- discrete 
group with definable homogeneous characteristics that are subject to some form of fisheries management (Begg and 
Waldman 1999, Begg and Brown 2000). Since otolith is species-specific and incorporates material throughout the fish life 
without resorption, is considered to be the ideal natural marker for fish populations as long as they remain partially segre-
gated (Campana and Casselman 1993). Otolith shape changes with fish growth through the addition of new growth planes 
emanating form accessory growth centers (Wright et al. 2002) and even though these changes may be attributable to 
genetics or environmental factors, studies suggest the latter as major determinants of otolith growth and, therefore, of otolith 
shape (Begg and Brown 2000, Cardinale et al. 2004).  
Given the endangered status most groupers have worldwide, and considering gag as a nearly threatened species (IUCN 
2011) with the US Gulf of Mexico stock experiencing overfishing (NOAA 2011, NCDENR 2011, FWC 2011), its impera-
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tive to generate new data that may improve gag conserva-
tion and management. The objective of this study is to 
identify gag stocks from the Campeche Bank and try to 
discriminate individuals from three different fishing 
grounds (Northern, Eastern, and Western) as a critical step 
to acquire an effective fishery management. 
 
METHODS 
Gag were caught inshore and offshore through the 
artisanal and industrial fishing fleet respectively, during 
April 1996 to May 1999. Geographic coordinates where 
each individual was captured, were recorded, to establish 
the fishing ground it came from. All individuals were 
stored in ice and taken to the Ichthyology laboratory at 
CINVESTAV- IPN Merida facility, where they were 
measured for fork (FL; cm) and standard length (SL; cm) 
and weighed for total (TW; g) and gutted weight (GW; g). 
Gonads were removed for microscopic sexual identifica-
tion and results were previously published (Brulé et al. 
2003).  
Otoliths (sagittae) were removed up through the gills, 
cleaned with alcohol and stored dry in paper bags. Both 
otoliths were weighed with an analytical scale to the 
nearest 0.1 mg to obtain average weight per otolith (OW). 
Only the left sagitta was considered for otolith shape 
analysis prior inspection of its integrity, if the otolith was 
broken the sample was discarded. In order to achieve 
digital images, each whole sagittae was rinsed with 
distilled water and photographed with a software hardware 
workstation consisting of a digital camera (SONY CCD-
Iris) attached to a stereomicroscope (Zeiss Stemi SV6) and 
connected to a PC. Digital images were taken with 
reflected light using 1.0 X objective at a magnification of x 
0.8. Images were grey scale 720 x 576 pixels size. Whole 
sagittae were placed at 45º following a standard protocol, 
against a homogeneous black background to enhance 
contrast, with the sulcus facing down and the anterior side 
to the right.  
Age determination was performed by assigning annuli 
based on the number of opaque zones from the otolith core 
to the otolith margin, in left sagittae thin sections and 
following the procedure by Brothers (1987), Secor et al. 
(1992), Campana and Jones (1992), Hood and Schlieder 
(1992), Harris and Collins (2000), Wright et al. (2002), and 
Strelcheck et al. (2003). Age determination was based on a 
calendar year following the convention of Jerald (1983). 
Gag captured from May 1st to August 31 with a translucent 
edge type were advanced a year (#annuli +1) (Cummings 
et al. 2001). 
Otolith morphometrics were recorded using image 
analysis software Image Pro- Plus V6 (Media Cybernetics, 
Inc.). The following measurements were taken for each 
otolith: area, rectangularity, area (polygon), maximum and 
minimum diameter, perimeter, ellipse, and roundness. 
Rectangularity was define as the ratio between the area of 
the otolith and the area of its imaginary bounding box; area 
(polygon) as the area of the polygon that defines the otolith 
outline; maximum and minimum diameter as the length of 
the longest and shortest line (respectively) joining two 
outline points passing through the otolith centroid; ellipse 
as the perimeter of the ellipse surrounding the otolith 
outline and roundness as the square of the otolith perimeter 
divided by 4*π*otolith area.  
Otolith shape was determined using Age & Shape 
(Infaimon S.L.) software. The module Shape automatically 
extracts the otolith contour by calculating Fourier and 
wavelets transforms (WLT). Since wavelet algorithm 
quantifies the irregularities of the otolith contour and 
determines their precise position, it was chosen over 
Fourier that does not allow to locate the contour singulari-
ties (Parisi-Baradad et al. 2005, Piera et al. 2005). For each 
sagitta image the scale centroid was determined by the 
software as the mean X and Y polar coordinates and the 
otolith contour was traced in a counterclockwise direction, 
using a common starting point to ensure consistent 
interpretation of the shape across all samples (Campana 
and Casselman 1993). The shape trace was given in the 
form of 512 equidistant points or radii and a set of 11 
different frequency bands or scales, obtained (WLT0 - 
WLT10), per otolith. Amplitudes were standardized prior 
to statistical analysis by dividing each amplitude by the 
mean radial length (Campana and Casselman 1993).  
All morphometrics and WLT variables were examined 
for normality (Kolgomorov-Sminov test of goodness-of-fit) 
and homogeneity of variances (Hartley´s Fmax test) and 
subsequently square root, loge, LN or 1/x transformed prior 
to statistical analysis if these criteria were not satisfied. To 
ensure that differences in fish length did not confound any 
stock-specific differences, variables that displayed a 
significant interaction with fish length (p < 0.05) were 
adjusted using their respective common within-group slope 
(b) to correct the samples. Otolith weight (b = 0.00814), 
rectangularity (b = 0.00022) and WLT0 (b = 0.00045) 
were standardized. None of the other shape morphometrics 
variables (area, area (polygon), ellipse, perimeter, 
maximum and minimum diameters and roundness) and 
WLT transforms correlated significantly with fish length.  
A Principal Components Analysis -PCA- (MVSP, 
Kovach computing Inc.) was carried out in order to 
determine the most significant variables considering all 
WLT scales and otolith morphometrics. In order to remove 
any confounding variation attributable to differences in the 
fish SL, we selected only the individuals with SL from 64.1 
cm to 100.0 cm (n = 168), for further analyses. To explore 
the possible differences between groups of individuals 
from Northern, Eastern, and Western Campeche Bank 
fishing grounds, a Multi-Dimensional Scaling Analysis 
(MDS; Euclidean distance and Gower similarity coeffi-
cient) and an ANOSIM tests (Primer v.6, PRIMER-E Ltd.) 
were performed for all individuals (n = 168), first using 
PCA-otolith morphometrics and PCA-WLT scales 
together, and then using PCA-otolith morphometrics and 
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PCA-WLT scales separately also for all individuals. To 
facilitate comparisons between fishing grounds with age 
and year classes, MDS and ANOSIM tests for 8-year-old 
female gag (n = 33) and for females from the same year 
class 7 (n = 32) (i.e., 1989 year classes) were conducted 
using PCA-otolith morphometrics and PCA-WLT scales 
together and separately. 
 
RESULTS 
A total of 235 Gag were captured in the Campeche 
Bank during 1996 to 1999, through the industrial (n = 211) 
and artisanal (n = 24) fishing fleets in monthly surveys. 
Specimens SL ranged from 38.5 to 101.0 cm and GW from 
500 to 18,100 g. Samples analyzed were 173 individuals 
since broken otoliths (n = 18), absent otoliths (n = 13) and 
samples without the fishing geographical coordinates (n = 
31) were discarded, including all 24 specimens captured 
through the artisanal fleet and seven others from the 
industrial one. Samples were divided into three different 
fishing grounds, FG, (Northern, Eastern and Western) 
according to the geographical coordinates where they were 
fished (Figure 1). From these samples, 76.3% (n = 132) of 
the individuals were females, 21.38% (n = 37) males, 
1.73% (N= 3) transitional and 1.73% (n = 3) unidentified 
(Table 1). Kruskal-Wallis tests detect a statistically 
significant difference among the SL medians of each sex (p 
< 0.05) but no differences when taking into account the 
median SL from the three different fishing grounds (p > 
0.05).  
Sagittae thin sections reveled a concentric pattern of 
alternating opaque and translucent zones around a large 
opaque nucleus (Figure 2). From 173 samples twelve 
otoliths (6.9%) were unreadable. Even though determina-
tion of the period of the annuli deposition was not carried 
out, we considered late spring/early summer as the time of 
deposition (Hood and Schlieder 1992, Harris and Collins 
2000, Cummings et al. 2001). We considered the approxi-
mately date of birth as January 28, accordingly with the 
peak spawning activity for gag from the Campeche Bank 
(January to March; Brulé et al. 2003). Based on the annual 
growth ring count, gag ages ranged form 4 to 13 years. 
Most of the individuals were 8 and 9 years old, accounting 
for 43.35% of the total samples. Young fish with 4 or 5 
years old (n = 5 and n =10 respectively) and old fish with 
13 years old (n = 2) were poorly represented.  
All otolith morphometrics were tested for normality 
but since only rectangularity, minimum diameter and 
WLT0 could be transformed to meet this criterion, all 
variables were analyzed using non- parametric statistics. A 
PCA showed that rectangularity, roundness and ellipse, 
accounted for more than 99% of the variability of all the 
data and where selected for further analyses. To identify 
differences in morphometrics between fishing grounds a 
MDS using PCA- otolith morphometrics for all individuals 
(n = 168) found no discernable groups using Euclidean 
distance (ED: stress = 0.01) or Gower similarity coefficient 
(GSC: stress = 0.04). An ANOSIM test (testing null 
hypothesis of no significant differences in morphometrics 
between fishing grounds) showed that the null hypothesis 
could not be rejected (p < 0.001) (Figure 3). Otolith shape 
was determined through 11 scales or bands of WLT and 
since only WLT0 meet the normality criterion, all scales 
were analyzed by non- parametric statistics as well. A PCA 
showed that WLT5, WLT6, WLT7, WLT4, and WLT2, 
accounted for more than 99% of the variability of the data 
and where used in further analyses. A MDS and an 
ANOSIM test using PCA-WLT for all individuals (n = 
168) did not found discernable groups (ED: stress = 0.04; 
GSC: stress = 0.07) or statistically significant differences 
in WLT among the three fishing grounds (p < 0.001) 
(Figure 3). When comparing PCA- morphometrics together 
Figure 1. Map of the Campeche Bank at Southern Gulf of 
Mexico showing three different fishing grounds (Western, 
Northern and Eastern) where Mycteroperca microlepis (n = 
235) were captured during 1996 to 1999, through the 
industrial fishing fleet using long-line and hooks.  
Figure 2. Sagitta thin section of a 9-year-old Mycteroperca 
microlepis sampled in Eastern fishing ground Campeche 
Bank, with 85.0 cm SL.  
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with PCA-WLT the results of MDS (ED: stress = 0.04; 
GSC: stress = 0.11) and ANOSIM tests showed no 
differences between the fishing grounds as well.  
A Kruskal-Wallis test displayed statistically signifi-
cant differences between the median SL between females 
and males, and therefore, we selected from the data only 8-
year-old females (n = 33) to compare PCA- otolith 
morphometrics and PCA- Wavelets between fishing 
grounds. MDS analyses do not displayed discernable 
groups between fishing grounds, when compared only 
morphometrics (ED: stress = 0.01; GSC: stress = 0.04), 
only WLT (ED: stress = 0.01; GSC: stress = 0.1) (Figure 
4) and combined morphometrics with WLT (ED: stress = 
0.01 and GSC: stress = 0.14).  
A new set of data was analyzed that contained only 
females from the year- class 7 (n = 32) to remove any 
confounding variation attributable to otolith growth. MDS 
analyses do not displayed discernable groups between 
fishing grounds, when comparing PCA-morphometrics 
(ED: stress = 0.01 and GSC: stress = 0.07), PCA –WLT 
(ED: stress = 0.01 and GSC: stress = 0.01) (Figure 5) and 
together PCA- morphometrics and PCA-WLT (ED: stress 
= 0.01 and GSC: stress = 0.11).  
 
DISCUSSION 
Our results did not show a statistically significant 
difference in otolith morphometrics and otolith shape 
between the three fishing grounds defined in the Campeche 
Bank. Nevertheless the question if there are distinct gag 
stocks remains. While some studies that discriminate fish 
stocks based on the otolith shape have information on 
different stocks for a particular species (ie. spawning 
stocks) and assign new individuals to each one (Campana 
and Casselman 1993, Galley et al. 2006, Shepard et al. 
2010), we do not have previous information. The three 
different fishing zones selected, were established accord-
ingly to the geographical coordinates where each individu-
al was captured; nonetheless analyses of variance of fish 
SL, GW and OW were carried out in order to assess the 
affinity of individuals to each fishing zone. Previous 
results on gag sex and sexual classes published by Brulé et 
al. (2003) for the Campeche Bank (accordingly to their 
protogynous hermaphroditic nature) showed that males had 
a mean SL larger than females. For these reason, and in 
order to avoid confusion in stock discrimination, males and 
transitional individuals were filtered out, even though 
variables that displayed a significant interaction with fish 
length (p < 0.05) were corrected. Despite the analyses were 
performed again to a subset of females from the same age 
and year-class to compare otolith shape and morphometrics 
between fishing grounds, no apparent distinction could be 
made.  
Otolith morphometrics and wavelet transform were 
poor descriptors to discern groups among fishing sites 
when using MDS and ANOSIM tests. We selected 
corrected-rectangularity, roundness and ellipse as 
morphometrics descriptors because they do not had a 
significant interaction with fish length that could mistake 
differences but also because at least rectangularity seems 
to be good shape descriptor since the otolith changes their 
initial oval shape to an irregular elongate one that progres-
sively fills less area of its enclosing rectangle, due to an 
increase in otolith size (Galley et al. 2006).  
Wavelet transform are suitable for pattern recognition 
purposes, aging and stock discrimination because they 
quantify the irregularities of the contour and determinate 
its precise position. At some point, it seems that wavelet 
bands were too precise in the determination of each otolith 
particularities but do not allow us to inspect the generali-
ties, that a group of otoliths could have in common. To 
address this problem the continuous wavelet may be 
changed to a discrete wavelet transform where the signals 
are downsized in many lower resolution components, more 
computationally efficient and just as accurate (Watkinson 
and Gillis 2005). This procedure is currently in process. 
Table 1. Number of gag captured during 1996 to 1999 in three different fishing grounds in the Campeche Bank, 
indicating fishing grounds (FG), minimum and maximum standard length (SL) and gutted weight (GW) per year. 
Number of individuals per sex as reported in Brulé et al. (2003) F: females, M: males, T: transitional and U: unidenti-
fied. Age corresponds to years and year-class to the number of cohort. 
 
FG N Year N SL (cm) GW (g) Sex 




Northern 88 1996 9 67.0 –  94.0 4,700 - 12,600 7 2     4 -6,8,9 5,6,8 - 10 
    1997 22 72.0 – 100.0 6,700 – 18,000 16 6     4 -12 3 -11 
    1998 37 66.0 – 101.0 5,250 – 15,500 30 7     4 -12 3 - 12 
    1999 20 56,0 –  94.0 3,426 – 14,812.1 14 6     5 -12 5 - 12 
                        
Western 9 1996 5 68.0 – 91.1 5,800 – 10,050 4 1     4 - 8 6 - 10 
    1997 4 62.0 – 87.0 4,250 – 15,200 3 1     7, 9 and 
11 
4, 6, 8 
                        
Eastern 76 1996 1 75.0 5,950.0 1       9 5 
    1997 57 64.0 – 100.0 4,000 – 18,100 43 1
2 
1 3 5 - 13 2 - 10 
    1998 18 38.5 – 96.0   500 – 14,350 14 2 2   4 - 12 4 - 12 
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Figure 3. A 2-D visualization of MDS analyses showing the Euclidean distance (A and C) and Gower similarity coefficient (C 
and D) between data of all individuals (N= 168) at three different Campeche Bank fishing grounds. Stress values in each 
graphic established an excellent representation of the data. Figures A and B Otoliths morphometrics: rectangularity, 
roundness and ellipse and figures C and D Otolith shape described by WLT5, WLT6, WLT7, WLT4 and WLT2. FG: fishing 
grounds, E: Eastern, W: Western and N: Northern. 
Even though gag stock identification, considering the 
three fishing grounds as factors, could not be accom-
plished, some differences in otolith shape and morphomet-
rics may be noted. These may indicate the possibility that 
there may be otolith characteristics that when used as 
factors, would have a better performance for discrimina-
tion. Particularly morphometrics results for 8 year-old 
females, account for two different groups, where individu-
als of the three fishing grounds are mixed together. Two 
possibilities might explain these results: that there is one 
gag stock homogeneously distributed over the Campeche 
Bank or that there may be a mixture of stocks in all three 
fishing grounds. Stocks do not mix when spawning is 
occurring (Casselman et al. 1981, Campana and Cassel-
man 1993, Watkinson and Gillis 2005), therefore new 
analyses must be performed using only spawning females 
from spawning seasons in order to explore this possibility. 
Gag fishery is managed together with all the other 
exploited groupers in the Campeche Bank, particularly 
following the information on red grouper, thus new 
information is essential to improve species-specific 
fisheries management. Currently, this study is the first one 
in the Campeche Bank to determine gag age and year-class 
from otoliths readings and stock structure through otolith 
shape, providing useful information to built the population 
structure and to understand population dynamics.  
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Figure 4. A 2-D visualization of MDS analyses showing the Euclidean distance (A and C) and Gower 
similarity coefficient (B and D) between data of 8-year-old females (n = 33) at three different Campeche 
Bank fishing grounds. Stress values in each graphic established an excellent representation of the data. 
Figures A and B Otoliths morphometrics: rectangularity, roundness and ellipse and figures C and 
D Otolith shape described by WLT5, WLT6, WLT7, WLT4 and WLT2. FG: fishing grounds, E: Eastern, 
W: Western and N: Northern. 
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